In an earlier paper (1) it was reported that rabbits receiving estrogenic hormone showed an increase resistance to dermal infection with vaccinia virus. This increase in resistance was found to be associated with a failure of particulate matter to spread in the skin (2). It was also noted that the blebs raised by the injected fluids in the animals receiving the estrogenic hormone persisted for a longer period of time than ill the control animals. McCture and Aldrich (3) have shown that the persistence of blebs raised by the injection of fluids is associated with an increase in interstitial fluids. It was thought possible, therefore, that decrease in the spread of particulate matter and the resultant increase in resistance might be due to an increase in interstitial water caused by the estrogenic hormone. This paper is a report of experiments to study the point. The results indicate that whenever extracellular fluid is increased, whether by administration of estrogenic hormone or by the intraperitoneal injection of hypotonic salt solutions, the spread of India ink in the skin and the susceptibility of the animals to vaccinia infection are decreased significantly.
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Methods and Materials
Animals.--Normal male rabbits weighing about 3 kilos were used. In the experiments in which the salt solution was injected they were kept in cages with a wire mesh bottom in order to keep them dry.
Vaccine Virus.--The virus used was a strain supplied by Dr. T. M. Rivers. This strain has been passed serially through a number of rabbits and is well adapted to this animal. It was purified as described by Craigie and Wishart (4) and Parker and Rivers (5) . It was kept frozen in dry ice until used.
Serial dilutions of the vaccine vires were injected into both the control and experimental animals, and the 50 per cent point was computed by a method described previously (1) . By this procedure, differences of 0.08 log can be detected.
India Ink.--Hig#ns waterproof India ink, diluted with 5 parts of Locke's solution, was injected intracutaneously in amounts of 0.5 cc., a 25 gauge needle being used. The spread of the ink was estimated with a planimeter. Measurements were made immediately, 1 hour, 2 hours, and 4 hours after inoculation, but since the 4 hour readings were the most significant ones, only these have been included in the tables of results. * Aided in part by a grant from Duke University Research Council. 91
Chemical Determinations.--All of the rabbits were fasted for 24 hours before blood was taken for any test. Plasma volumes were determined by the method of Gibson and associates (6) . Total blood volume was calculated from the plasma volume and percentage of the packed red blood cells as determined by the hematocrit, Wintrobe's method (7) being employed in the latter procedure.
Extracellular fluid was estimated by the sodium thiocyanate method of Crandall and Anderson (8) , as modified by Lavietes and associates (9) , with the difference that in some of these experiments a larger dose of sodium thiocyanate was given in order to permit simultaneous determination of the content of thiocyanate in the skin and in the plasma. The difference between extracellular fluid and plasma volume was considered to represent the extracellular fluid in the tissue and has been labelled available fluid. The detailed procedure was as follows: 1 cc. of 0.1 per cent (1 mg.) aqueous solution of Evans blue dye 1 and a solution of sodium thiocyanate (100 mg. per kilo of body weight, in the form of 10 per cent aqueous solution) were injected simultaneously into the marginal ear vein of the rabbit. 20 minutes later a blood sample of about 3 cc. was drawn from the heart for the determination of plasma volume. 2 hours later a second blood sample was drawn from the heart for a determination of the content of thiocyanate in the plasma. In order to determine the amount of fluid in the skin, certain of the animals were killed by intravenous air injection immediately after the blood was taken for extracellular fluid content, and samples of the skin were taken.
The total water content of the skin was readily calculated from the wet weight of the sample after it had been dried to constant weight at 100*C.
Per cent total water in skin ~-Wet weight of *kin --Dry weight of .,k~n
Wet weight of skin
The extracellular fluid in the skin was determined by measuring the concentration of sodium thiocyanate in the tissues as follows: About 1 gin. of accurately weighed fresh skin was frozen with dry ice, shaved into thin sections, and ground three times with sand and 2 cc. portions of water; as much water extract as possible was decanted each time. The ground tissue was washed into a 50 cc. centrifuge tube with three 2 cc. portions of water and then combined with the original aqueous extracts. 1 cc. of 50 per cent trichloracetic acid was added for each 4 cc. of water extract, and the mixture was allowed to stand for 30 minutes and then centrifuged. The clear supernatant extract was decanted into a 25 cc. volumetric flask. The residue was washed 3 times with 10 per cent trichloracetic acid, and the final volume of these washings was made up to 25 cc. 10 cc. of this extract and 3 cc. of water were added to an Evelyn colorimeter tube for use as a control. 10 cc. of the same extract and 3 cc. of ferric nitrate reagent were used to develop the ferric thiocyanate color. The colors were read in an Evelyn photoelectric colorimeter (520/~ filter), and the concentration of thiocyanate was calculated from standard K values.
The extracellular water per gram of skin could then be calculated by the following formula:
NaCNS in 1 gm. of skin Extracellar water per gin. skin --NaCNS in 1 cc. of plasma Salt Solution.
--This solution contained 6.5 gin. of sodium chloride and 2.5 gm. of sodium bicarbonate in a liter of water.
Hormones.--The estrogenic hormone used was a-estradiol dipropionate, 2 each dose being 0.2 mg. dissolved in 1 cc. of sesame oil.
Statistical Methods.--The small group method for "t" was used as described by Mainland (10) . The probabilities (P) given in Tables I and II are taken from Fisher and Yates (11) . A difference between two groups of data is not considered significant unless P is 0.01 or less.
Calculations.--Blood volume, plasma volume, extracellular fluid volume of one group of animals can be compared with those of another group by giving what percentage of the animals weight these components make up. Or they could be compared on a percentage basis in regard to the surface area of the animal. Both of these methods have been used by workers (12) in this field and there appears little choice between them. In our experiments there was less extreme variation if the surface area method was used. As the animals in our experiment weighed approximately 3 kilos, instead of using percentages we have adjusted all the determinations to a theoretical 3 kilo rabbit.
The surface area of the rabbit was estimated by use of the formula discussed by Benedict (12) . This formula considers the surface areas as equal to the square of cube root of the weight. Benedict gives an excellent discussion of this formula and shows that it must be multiplied by a different constant for each species, in order to give comparable values. Since there is no general agreement as to what constant to use for the rabbit and because we were not interested in comparing the results with other animals, we have omitted the use of these constants. We have also not attempted to adjust the units to any standard form such as cc. per cm3, as there is no agreement as to how this should be done and it would serve no purpose in this paper, as a relative comparison between the animals receiving the estrogens and the ones which did not is all that is desired.
EXPER r~.NTAL
This test was designed to see whether the fluid in the tissues of rabbits is increased by estrogenic hormone. Determinations of viral susceptibility were not done in this and the following experiment, since it has been shown previously (1) that, in the amounts employed, estrogenic hormone increases the resistance three-to fivefold.
Effect of Estrogens on Tissue
Fluids.--Sixty-eight rabbits were used in this experiment. Thirty-two were given 0.2 mg. of estrogenic hormone in 1 cc. of sesame oil daily for 3 weeks and 36 were given 1 cc. of sesame oil for the same period of time. The results are shown in Table I . From this table it is seen that the spread of India ink and the hematocrit value were decreased significantly and the extracellular fluid volume and the available fluid in tissue (extracellular fluid minus blood volume) were increased significantly. From these experiments then it is obvious that the estrogenic hormone increases the fluid in the tissues.
Since it has been shown by Hahn and his associates (13) that the estimation of body fluids by the methods described above contains a considerable error, it was thought advisable to check these determinations by a more direct method, even though it is believed that the errors in the controls and the experimental animals cancel out.
Effect of Estrogens on the Extracellular Fluid Content of the Skin.--Nine rabbits which
had received the estrogenic hormone in the above experiment were used as well as 15 rabbits which had been given only the sesame oil. The results are given in Table II . In this table we show the mean of the control animals in the second column. The third column gives the standard deviation. The fourth and fifth columns give similar facts for the estrogen and treated animals. In the sixth column is given the per cent increase or decrease of the estrogen treated animals from the controls. The last column gives the statistical probability of this change being significant. Only those which have a probability of less than 0.01 are considered significant. The figures for India ink spread are given in square centimeters and those for the hematocrit reading in per cent. The figures for blood volume, plasma volume, extracellular fluid volume, and available fluid are in relative units for reasons which were discussed above under calculations.
It is seen from this table that the amount of extracellular fluid in the rabbits receiving the estrogenic hormone has increased over that of the rabbits which only received the sesame oil. Statistically this increase was found to be highly significant. The percentage increase was essentially the same by this method as by the more indirect one used in the first series.
Both series of experin~ents just detailed show clearly that the estrogenic hormone increases the amount of fluid in the tissues, and previous experience has shown that this hormone decreases the susceptibility of the rabbit to infection with vaccinia. But these experiments did not establish whether the increased resistance is due to the increased fluid in the tissues or to some other effect of the hormone. In order to study this point it was decided to increase the fluids in the tissues by some other means. Injection of the salt solution described Statistical significance, P = 0.001. above was chosen for this purpose, as it has been shown to increase the fluid in the tissues (14) .
VIRAL RESISTANCE AND tIYDRATION OF TISSUES

Concomitant Increase in Tissue Fluids and Resistance to Vaccinia Due to Intraperitoneal Injections of a Salt
Solution.--Five experiments were performed. In the first experiment, 150 cc. of thesalt solution were injected intraperitoneally twice daily for 2 days prior to injection of the virus. The results are given in Table III . This table shows that the spread of India ink is reduced and that there is no change in the resistance of the rabbits. It was realized, however, that this was in one respect not analogous to the experiments with the estrogenic hormone, in so far as it has been shown (15) that the effect of this hormone persists for at least 2 weeks after discontinuing the hormone injection, whereas the effect of the salt solution disappears shortly after discontinuing the injections. With this point in mind, other experiments were performed in which intraperitoneal injections of similar amounts of the salt solution was given for 2 days prior and for 5 days after vaccination. The results are shown in Table III . It is seen that if injections are continued after vaccination, there is a decrease in susceptibility to viral infection (two-to twelvefold) while if the salt solution is discontinued at the time of vaccination, there is no change in susceptibility. The spread of India ink, however, is shown to be decreased in both the animals in which the salt solution was discontinued and in the ones in which it was continued. The India ink reading was made on the day of vaccination and hence gives us only the condition of spread at that time. If the injection of the salt solution is discontinued, the fluid is rapidly lost from the skin. It is obvious, therefore, that an increase in the tissue fluids not only at the time of infection but throughout the course of infection, whether from estrogenic hormones or as a result of the injection of the salt solution, increases the resistance of the rabbit to infection with vaccinia.
DISCUSSION
In this paper it has been shown that a correlation exists between spread of material in the skin, susceptibility to viral infection, and an increase in extracellular fluid. In a preceding paper (2), it was suggested that increased spread of virus particles increased the number of susceptible cells with which the virus particles came in contact, and a decrease in spread of the virus in the skin decreased the number of susceptible cells with which the virus particles came in contact. Since viruses cannot multiply extracellularly, it was thought that the increased susceptibility of the rabbits, which had an increased spread, was due to the fact that the chance of the viral particles reaching a susceptible cell, was greater in the animals with greater spread and less in the animals with the smaller spread. In these experiments it is thought that the same factor applies; that is, in the animals with an increase in extracellular fluid the virus is localized, and hence its chance of getting into a cell is decreased. The possibility still exists, however, that this explanation is not correct. With an increase in tissue fluids there is also a change in cell permeability, and it may be that the decrease in susceptibility which is associated with increased tissue fluids, may be the result of decreased cellular permeability and not simply of decreased spread.
In conclusion, however, it may be stated that increased extracellular fluid decreases the susceptibility of the rabbit to infection with vaccinia. Whether this increased resistance is due to lack of the virus spread, hence to exposure of fewer susceptible ceils to the virus, or whether the effect is produced by a change in the permeability of the cells cannot be settled at present and must await further experimentation.
S~M]~.ARY AND CONCLUSIONS
Experiments are described in which it is shown that the estrogenic hormone (¢z-estradiol propionate) increases the amount of extracellular fluid in the skin. Since previous work showed that this hormone increases resistance of rabbits to vaccinia virus, it is suggested that the increased resistance is the result of increased fluid in the tissues.
In further test of this thesis, experiments were performed in which the extracellular fluid in the skin was increased by the intraperitoneal injection of a salt solution known to increase the hydration of the tissues. Under these conditions it was found that the spread of India ink in the skin, as well as susceptibility to viral infection, was decreased in the same magnitude as obtains when the animals are treated with estrogenic hormone. The identity of effects under the two sets of circumstances seems to warrant the conclusion that in both instances the spread of India ink and decreased susceptibility to vaccinia are due to the common factor of increased volume of the extracellular fluid.
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